INTRODUCTION
Over the last 35 years, Northern Leopard Frog (Rana pipiens) populations have declined dramatically over much of the species range in North America. Abrupt population declines were first noted in Alberta in 1979. Since then, populations appear to have been extirpated over much of central Alberta and are absent or greatly reduced in southern Alberta. Only a handful of viable breeding populations currently remain in south-eastern Alberta. Because of its virtual disappearance from the province, the Northern Leopard Frog has been designated as an endangered species* under the Alberta Wildlife Act.
Since 1990, considerable effort has been expended trying to locate Northern Leopard Frogs in Alberta. Known breeding populations have also been routinely monitored and studies have been carried out on two of the breeding populations to provide more information on dispersal and the general ecology of the species in the province. This information, as well as information from other jurisdictions, is reviewed in this report to provide an update on the status of the Northern Leopard Frog in Alberta.
HABITAT
The Northern Leopard Frog requires a mosaic of habitat types to meet the annual requirements of all life history stages. Generally, separate sites are used for breeding and overwintering. However, in some cases breeding and overwintering may occur in the same pond. This is particularly true in springfed wetlands. In Alberta, Northern Leopard Frogs are typically associated with clear water that is relatively fresh to moderately saline * See Appendix 1 for definitions of selected status designations (Wershler 1992a) . Other parameters of water quality, however, vary widely between sites (Seburn 1992a) .
Breeding occurs in shallow and warm standing water associated with permanent and semi-permanent wetlands, springs, dugouts, borrow pits, lakes, beaverponds, and the backwaters and oxbows of rivers (Cook 1966 , 1984 , Cottonwood Consultants 1986 , Hine et al. 1981 , Merrell 1977 , Roberts 1981 , Wershler 1992a . Temporary ponds and shallow lakes that are unsuitable for fish, and that contain water until late July or August are considered to be the most favourable spawning sites for Northern Leopard Frogs (Hine et al. 1981 , Merrell 1977 , Roberts 1981 . Most breeding ponds contain a mixture of open water and emergent vegetation. Although at some sites in Alberta, breeding ponds are totally encompassed by emergent vegetation (Wershler 1992a) . Leopard Frog tadpoles are generally poorly adapted to cope with currents and thus can develop successfully only in slow reaches of streams or backwaters (Roberts 1981) . In Minnesota, Leopard Frog densities were lower in stream habitats relative to ponds (Merrell 1977) .
Following breeding and transformation, adult, juvenile and young-of-the-year frogs move to summer feeding areas. Most often, these areas are located along the margins of waterbodies (Hine et al. 1981 , Merrell 1977 , Wershler 1991a . Smaller, immature frogs appear to be more closely tied to water; adults will occasionally venture some distance from water in the summer (Dole 1965b , Merrell 1977 , C. Seburn 1994 , Wershler 1991a . This difference may be related to the greater surface-area-to-volume ratio of smaller frogs, which makes them more prone to desiccation (C. .
Preferred summer feeding habitat generally
consists of open and semi-open areas with shorter vegetation (Cottonwood Consultants 1986 , Dole 1965a ,b, Merrell 1977 , Wershler 1992a ). Areas lacking vegetation or with closely-clipped vegetation, such as found on heavily-grazed pasture, are avoided by frogs. Areas with tall, dense marsh vegetation, grasses or extensive shrub cover are also avoided, particularly by smaller frogs. Merrell (1977) notes that in tall grass the frogs are less able to capture insects which tend to be out of their reach . Merrell (1977) also noted that Northern Leopard Frogs were seldom found in heavily-wooded areas away from water. , however, found no difference in the density of frogs occupying wooded versus non-wooded habitats in the Cypress Hills of southeastern Alberta.
Unlike most of Alberta s other species of amphibians, Northern Leopard Frogs overwinter in water (Russell and Bauer 1993) . Overwintering frogs require well-oxygenated water that does not freeze to the bottom during the winter. Hibernacula are most often located in springs, streams, spillways below dams, or in deeper lakes and ponds (Cunjak 1986 , Emery et al. 1972 , Merrell 1977 , Roberts 1981 . Frogs have been found hibernating under rocks, logs, leaf litter or vegetation, or in depressions in sand or mud. Shallow breeding ponds and lakes are unsuitable for overwintering because of the depletion of oxygen in the water column, which can lead to winterkill (see Babin and Prepas 1985) . In southern Alberta, springs appear to provide critical overwintering habitat during periods of drought when deeper permanent water sources become limited (Wershler 1991a) .
CONSERVATION BIOLOGY
Northern Leopard Frogs emerge from overwintering sites shortly after the ice begins to melt and narrow strips of open, warmer water form along the shoreline. Increasing temperature probably acts as a stimulus, causing hibernating frogs to become more active and to move from deeper overwintering areas to shallow water areas along the shore (Merrell 1977) . Pace (1974) noted that migration from overwintering sites begins when water temperatures reach 9 to 12 o C. Merrell (1977) observed that frogs did not leave the hibernacula until the air temperature exceeded 13 o C, or rose above the temperature of the water. Short overland migrations may be made between overwintering sites and breeding ponds. In some instances, breeding may also occur in overwintering habitats.
The timing and duration of breeding also appears to be temperature dependent. In Alberta, breeding occurs from late April to late June and breeding behaviour may occur while ice is still on ponds (Wershler 1992a ). Yaremko (1994) observed males calling in early May in southern Alberta when the air temperature was 17.3 o C and the water temperature was 14.8 o C.
Cooler air temperatures can suppress breeding activity, resulting in two or more mating periods and several size classes of larvae (Hine et al. 1981 , Merrell 1977 .
Sexually-mature males arrive at the breeding pond first and call while floating on the surface of the water. Males typically congregate in small groups in the warmest parts of the breeding ponds. Sexually-mature females are attracted to the calling of the males and arrive within a few days to a few weeks after the males (Hine et al. 1981) . Egg laying occurs shortly thereafter. Egg masses are typically laid in shallow water on vegetation, branches, and, rarely, on the pond bottom (Corn and Vivo 1989 , Hine et al. 1981 , Merrell 1977 , Seburn 1992a , Yaremko 1994 .
Females are believed to produce only one clutch per year (Corn and Livo 1989) and it is thought that all eggs are laid in one mass (Noble and Aronson 1942) . Egg masses may contain between 600 and 7,000 eggs (see Corn and Livo 1989) . Female body size has been positively correlated with clutch size in most anurans (Slathe and Duellman 1973 cited in Corn and Livo 1989) and Corn and Livo (1989) suggest that the frequency distribution of the number of eggs in clutches could be used as a method to determine age structure of breeding females in Northern Leopard Frog populations.
The time of hatching is variable and is also dependent on water temperature (Russell and Bauer 1993) . Hine et al. (1981) observed hatching five to nine days after egg laying. Cool weather, however can extend hatching to 14 days or more after egg laying (Hine et al. 1981) . Merrell (1977) found that hatching success was greater in egg masses located below the surface of the water relative to egg masses laid on the surface. In Wisconsin, about five percent of the eggs in each egg mass were lost to parasites, disease or other factors (Hine et al. 1981) . Within a pond, Corn and Livo (1989) reported hatching success of between 70 and 99 %, although hatching success of individual egg masses was as low as 30 %. They also note that factors such as flooding, droughts or periods of cold temperatures can produce high mortality of eggs, including failure of entire clutches.
Tadpoles remain close to egg masses after hatching but disperse after a few days (Eddy 1976 ). Time to metamorphosis is temperature, and, perhaps, density dependent (Seburn 1993) , ranging from 60 to 90 days and may occur over several weeks at a single site. Survivorship, from total egg to metamorphosed young, averaged three percent in Minnesota (Merrell 1977) and from one to six percent in Wisconsin (Hine et al. 1981) . Mortality, however, can be complete if breeding ponds dry up before tadpoles become fully transformed (Hine et al. 1981 , Merrell 1977 . Seburn (1993) also observed that cool weather delayed the development of tadpoles well into September in the Cypress Hills of Alberta. She felt that these frogs would not survive because of the lack of time for them to gain nutrient reserves before the onset of winter. In Alberta, tranformation generally occurs in July and early August (Seburn 1992a , Wershler 1991a , Yaremko 1994 .
Tadpoles feed on floating vegetation and detritus. At metamorphosis, frogs become carnivorous, taking only moving prey. Their diet includes insects, arachnids and other small invertebrates as well as small birds, garter snakes, frogs and fish (Hine et al. 1981 , Moore and Strickland 1954 , Rittschof 1975 , Russell and Bauer 1993 . Adults will also cannibilize newly-transformed young Bauer 1993, Wershler 1992a ).
Individuals take two or more years to become sexually mature. However, in Minnesota it was shown that in less dense populations young frogs grew rapidly and sexual maturity was reached in one year (Merrell 1977) . In denser populations, growth during the first summer was minimal and young frogs may have taken three years to reach sexual maturity (Merrell 1977) .
Annual adult mortality has been estimated to be approximately 60 % (Merrell and Rodell 1968) . In Manitoba, frogs decreased in relative abundance in the population toward the end of their fourth summer (Eddy 1976) . Mortality rates of immature frogs are relatively high. The ratio of young-of-the-year (YOY) frogs to sexually mature frogs ranged from about 15:1 to 20:1 in Minnesota (Merrell 1977) . Similar values were reported in Wisconsin (Hine et al. 1981) . In Alberta, C. observed ratios of approximately 120:1 in a breeding population in the Cypress Hills. In 1994, overwintering mortality of YOY frogs in this same population was estimated at 93 % (Yaremko 1994) . This estimate may, however be high because it was based on the assumption that there was little dispersal from natal areas (C. Paszkowski, pers. comm.).
Following breeding, adults may remain in the vicinity of breeding ponds or disperse to summer feeding ranges (Eddy 1975 , Hine et al. 1981 , Merrell 1977 , Seburn 1993 . Usually these feeding ranges are located near water. Adults appear to establish home ranges in the summer (Dole 1965a ,b, Hine et al. 1981 . In Michigan, home ranges tended to be smaller in areas where habitat was localized and limited relative to areas where habitat was more readily available (Dole 1965b ). In late summer or early fall, adults begin to migrate from summer feeding areas to overwintering sites (Eddy 1975 , Merrell 1977 . Roberts (1981) reports that Northern Leopard Frogs are active in Alberta until October, and exceptionally into November.
Little is known about the overwintering ecology of Northern Leopard Frogs.
Following transformation, young-of-the-year frogs disperse away from natal ponds. In Michigan, Dole (1971) found that YOY frogs disperse up to 800 m per night, and recaptured two as adults five kilometers from their natal pond. Dole noted that this distance could have only been travelled overland. In the Cypress Hills, YOY frogs dispersed up to 2.1 km from natal ponds along aquatic corridors (Seburn et al., in press ). However, the greatest distance travelled over land was 0.4 km. One of the frogs marked as a YOY in the Cypress Hills in 1993 was recaptured in 1994 at a distance of 8 km from the natal pond. Many authors (Cook 1984 , Schueler 1982 , Stebbins 1951 , Wright and Wright 1949 have shown the historic distribution of the Northern Leopard Frog to be continuous in Alberta, with the range including most of southern Alberta and a band running along the eastern border of the province north to the Northwest Territories. However, a review of museum collections (Appendix 2), and naturalists records and published sources of information (Appendix 3) suggests that the species range was largely restricted to two discontinuous parts of the province (Figure 1 ). These two areas include the Slave River valley and Kazan Uplands in extreme northeastern Alberta and the prairies, parkland and foothills of southern Alberta. The occurrence of the species in northeastern Alberta is based on published accounts from the Slave River at Fitzgerald Settlement (Smith Landing) and Fort Smith near the turn of century (Preble 1908) . Other records also exist from nearby sites in Saskatchewan and the Northwest Territories (Harper 1931a , Hodge 1976 , Logier and Toner 1961 . There is also a museum specimen from the Rocher River at the western end of Lake Athabasca (Appendix 2 -specimen NMC593), but it is likely that catalogue information for the specimen is in error. This specimen was collected by F. Harper, but he does not mention the specimen in subsequent reports about his trips in the area (Harper 1931a,b) . The collection date for the specimen, 5 August 1914, also corresponds to the date that Northern Leopard Frogs were collected at the Natla Rapids on the Talston River, Northwest Territories (Harper 1931a) . Considering these factors, it is likely that the specimen was actually collected at the Talston River and not at the Rocher River (F. Cook pers. comm.).
In the southern half of the province, the species range extended across the prairies, foothills and parkland from the U.S. border north to Edmonton. Within this region, the Northern Leopard Frog was continuously distributed along major rivers and tributaries with scattered populations associated with lakes, springs and irrigation reservoirs.
Although the species appears to have been widely distributed in the western half of the central parkland, there are only a handful of records from the eastern portion of the parkland north of the Battle River ( Figure 1 ).
In southern Alberta, the western extent of the range was the foothills and the eastern periphery of the Rockies at lower elevations. There are records from the northeastern and Salt (1979) considered the species to be of hypothetical occurrence in Alberta s Rockies. It should be noted, however, that many of the amphibian surveys from the Rocky Mountains were conducted after abrupt population declines were observed elsewhere in the province. Salt (1979) also mentions a museum specimen collected near Jasper, but that record could not be located during research conducted for this paper.
Outside of the extreme northeastern corner of Alberta, there are few historical records from north of Edmonton and Russell and Bauer (1993) (Appendix 2) . These specimens are of tadpoles, which can be difficult to identify. A recent preliminary examination of the specimens indicates that they may have been misidentified (F. Cook, pers. comm.) . Until further confirmation, these records must be considered dubious. There is also a specimen record (USNM 9343) from the late 1880s with the site locality of Athabaska River, British America R. (Yarrow 1882, pg. 179; Cope 1889, pg. 403) . The exact location of this record is, however, difficult to pinpoint. Northern Leopard Frogs have also been observed along the Lesser Slave River (Wershler 1991a) , at Lesser Slave Lake Provincial Park (Griffiths 1976 cited in Bradley 1980) , and at Thunder Lake, Long Lake and Cross Lake Provincial Parks (Spalding 1980 , Wershler 1991a ). It should be noted, however that Griffiths does not mention Northern Leopard Frogs in her account of the wildlife of Lesser Slave Lake Provincial Park presented in Spalding (1980) . The Fort Smith site location shown in Cottonwood Consultants Ltd. (1986), Alberta Fish and Wildlife (1991) and Wershler (1991a) is based on an unconfirmed sightings reported to Roberts and Lewin (1977) .
Since 1980, there has been a southern contraction of the provincial range of the Northern Leopard Frog, and the species now appears to be largely extirpated from the central parkland, and is apparently absent from the entire North Saskatchewan River drainage ( Figure 2 ). With the exception of the Kazan Uplands in northeastern Alberta, where there were observational records from Bocquene Lake in 1991 (K. Wingert, pers. comm.) and from Wylie Lake in 1983 (Wallis and Wershler 1983) , there have been no observations of Northern Leopard Frogs north of the Red Deer region since 1979.
In 1990 and 1991, extensive presence/absence surveys were conducted at sites in southern Alberta where Northern Leopard Frogs were known to occur historically, or where there had been recent unconfirmed sightings of the species (Hofman 1991 , Seburn 1992a , Wershler 1991a . These surveys revealed that Leopard Frog populations were locally abundant at three sites in the Cypress Hills, along the Milk and South Saskatchewan rivers, along the lower reaches of the Bow and Red Deer rivers, and at sites along the Little Bow River, and Canal and Manyberries creeks ( Figure 2 ). Leopard Frogs were also found to be present at a few sites in the central parkland near Red Deer ( Figure 2 ). Population surveys conducted at the proposed Suffield National Wildlife Area from 1994 to 1996 located additional populations along the South Saskatchewan River (A. Didiuk, pers. comm.). Since 1990, additional populations have also been discovered along Willow Creek (D. A. Westworth and Associates 1993), along the Red Deer (R. Lauzon, pers. comm.), Milk (L. Powell, pers. comm., Wershler and Smith 1996) and Sheep (Alberta Amphibian Monitoring Program, unpubl. data) rivers, and along an irrigation drainage near Bow City (pers. obs.).
In total, Northern Leopard Frogs have been observed at 84 locations since 1981 (with the vast majority occurring since 1990; Figure 2 , Appendix 4), but direct (tadpoles or developing or recently transformed young) or indirect (calling males) evidence of breeding has been reported from only 27 sites in the province (Figure 2 , Appendix 4). Only seven of these sites appear to be of major breeding populations (>100 young-of-the-year 
Continental Range. -The Northern
Leopard Frog is widely distributed over much of central North America (Figure 3) , and with the exception of range contractions resulting from local extirpations of breeding populations (particularly in western North America), the current and historical ranges are generally similar. The species is broadly distributed across the southern half of Canada east of the Rockies. The range extends as far north as south-central Northwest Territories, and a disjunct population occurs in southern Labrador (Cook 1984) . In eastern British Columbia, the Northern Leopard Frog occurs in the Kootenay and Columbia river valleys and in the vicinity of Creston at the southern end of Kootenay Lake (Orchard 1992) . The species has also been successfully introduced on Vancouver Island and Newfoundland (Cook 1984 , Green 1978 .
In the United States, the species range extends from the Canadian border south along eastern Washington and Oregon to California, Arizona and extreme southern New Mexico and then north into the northern plains states, and east through the Ohio Valley to New England (Baxter and Stone 1980 , Russell and Bauer 1993 , Stebbins 1951 .
POPULATION SIZE AND TRENDS
1. Alberta. -Until recently, the herpetofauna of Alberta has received little attention from either scientists or naturalists Bauer 1993, Wershler 1991a ). The Northern Leopard Frog is no exception. Population surveys were not conducted before the 1980s, and there is little formal documentation of historic population levels in the province. Much of our understanding of the historic distribution and abundance of the species is based on biophysical inventories in specific areas of the province, museum collections, and the records and recollections of naturalists. These sources indicate, however, that Northern Leopard Frogs were historically common and widely distributed south of Edmonton, south and west of the Battle River (Cottonwood Consultants 1986 , Roberts 1981 , Russell and Bauer 1993 , Wershler 1991a .
Documented reports indicate that the species was common in southeastern Alberta (Lewin 1963) , along the Milk River valley (Wallis 1976) , in the Cypress Hills (Halladay 1965) , at several natural areas in Calgary (Bird 1973 , Pinel 1980 , south and west of Red Deer along the Raven and Red Deer rivers and Kneehill Creek (Roberts 1981) , and along Kilini Creek west of Edmonton (W. Roberts pers. comm., Spalding 1980) . Specimen records of the National Museum of Canada and Museum of Zoology, University of Alberta, also reveal that Leopard Frogs could readily be collected at a number of locations in small geographical areas in the prairies and foothills of southern Alberta during the 1950s and 1960s. Extensive field surveys conducted in southern Alberta in the 1970s indicate, however, that relative to the Striped Chorus Frog (Pseudacris triseriata), Leopard Frogs were only locally abundant (Wershler 1991a) . This is no doubt related to the species need for well-oxygenated overwintering sites (Lewin 1963) . In summary, although quantitative survey data are lacking, the information that does exist indicates that Northern Leopard Frogs were historically widely distributed but locally abundant south of Edmonton, and south and west of the Battle River. Figure 3 . North American range of the Northern Leopard Frog (adapted from Stebbins 1985) . In Alberta, abrupt population declines were first noted south and west of Red Deer in 1979 (Roberts 1981 (Roberts 1981) . However, extensive searching in the area in 1979 and 1980 failed to locate any Leopard Frogs (Roberts 1981) , and ongoing annual surveys have not yielded subsequent records in these areas (Roberts 1987 (Roberts , 1992 (Roberts , 1995 . A similar pattern has been noted in Calgary, where annual monitoring of natural areas within the city by the Calgary Field Naturalists Society has not produced records of Northern Leopard Frogs since the late 1970s (M. Babey, pers. comm.). In 1979, extensive searches were also conducted at other sites where Leopard Frogs had been known to occur but only one individual was found overwintering in the Milk River (Wershler 1991a) . At the same time, naturalists, scientists, fishermen and farmers in southern Alberta were queried as to whether they had seen any Leopard Frogs. These enquiries yielded no recent records, although many of the people recalled that the species was previously abundant in many areas (Roberts 1987) .
It is unknown when population declines first occurred in other parts of southern Alberta, but declines appear to have been complete in many areas by at least the early-to mid-1980s (Cottonwood Consultants 1986 , Roberts 1981 , Wershler 1991a . Between 1979 and 1989 there were few reports of Northern Leopard Frogs from anywhere in the province. In the early 1980s, naturalists were asked to increase their surveillance of reptile and amphibian populations in Alberta (Roberts 1981 (Roberts , 1982 , but few reports of Leopard Frogs resulted. Many of the reports that did come in turned out to be other species (Wershler 1991a) . Field surveys conducted in southern Alberta in the early and mid-1980s revealed that Leopard Frogs were absent from many historically-occupied sites and, where they did exist, populations were greatly reduced from historic levels (Cottonwood Consultants 1986 , Roberts 1987 , Wershler 1991a Roberts 1987 , Wershler 1991a ).
Populations at Prince s Spring, Sexton
Creek and Empress Creek have been monitored since 1990 (Table 1) . Censusing amphibian populations can be problematic and populations can fluctuate widely between years (Pechmann et al. 1991) , so caution must be exercised when comparing population trends between sites and between years. Nonetheless, the available data indicates that the breeding populations at these three sites are stable and reproducing successfully on an annual basis.
It should be cautioned that data limitations make it somewhat difficult to identify long-term population trends in the province. At some locations there are long-term, qualitative data that indicate dramatic population declines have occurred over the last 20 years. However, elsewhere in southern Alberta population trends have largely been determined from presence/absence surveys conducted in 1990 and 1991 at locations where historic occurrence was recorded from museum specimens, naturalists records or published accounts in the literature (Hofman 1991 , Seburn 1992a , Wershler 1991a Hofman 1992 , 1994a , b, 1995 , Wershler 1991b Empress -Seburn 1992a , Yaremko 1994 Sexton Creek -Seburn 1992a , Wershler 1991a , Yaremko 1994 Minimum estimate based on mark-recapture census Because of time constraints and the large geographic area surveyed, many of the locations surveyed were visited on only one occasion and many of the sites were visited outside of the breeding season. Repeat visits were generally only made to sites where evidence of breeding was found on the initial site visit or from other earlier surveys of the site. Corn (1994) notes that there can be some problems with using such surveys to determine long-term population trends. First, single site visits may fail to detect individuals that are actually present, which would result in an overestimation of population declines (Corn 1994) . For example, during the breeding season Northern Leopard Frogs may not call on certain day or at certain times of the day (Cook 1994) and breeding populations may go undetected during brief, single call surveys at a site. After the breeding season, adults may also be difficult to find because of dispersal away from breeding ponds (Corn 1994) . Second, the use of museum, naturalists and published records may not provide an accurate baseline of historic population levels, and may ignore population trends resulting from the natural processes of local extinction and recolonization (Corn 1994) . This is particularly true if records are combined over several decades. Furthermore, museum records and anecdotal accounts do not always represent breeding populations, or they may represent records from marginal habitats where breeding may occur but is rarely successful (Corn 1994) .
Giving due consideration to data limitations, it is still apparent that Northern Leopard Frog populations have declined dramatically in southern and central Alberta over the last twenty years. Within the central parkland, declines occurred abruptly in 1979 (Roberts 1981 ).
Other Areas. -Northern Leopard Frogs
have long been used as laboratory and research animals in North America and wild frogs have traditionally supplied this market. Beginning in the early 1960s, harvesters for biological supply houses noted sudden and dramatic declines in leopard frog numbers in many localities in the midwestern U. S. and California (Gibbs et al. 1971 , Hine et al. 1975 . Biological supply houses also observed a general decline in the health of the animals (Gibbs et al. 1971 , Hine et al. 1975 . Frogs often died in holding tanks before they could be shipped to customers, and it was not uncommon for 50 to 90 % of the frogs to die from a septicemia resulting from overwhelming infection with the bacteria Aeromona hydrophila. This was not surprising as most frogs were placed under a great deal of stress between the time of capture and delivery to end users, and were probably very susceptible to disease (Gibbs et al. 1971) . Approximately five to 10 % of the frogs caught in the northeastern and north-central United States also had kidney tumours (Gibbs et al 1971) . Based on the difficulty of obtaining frogs for laboratory use and reports of frog declines from harvesters, Gibbs et al. (1971) estimated that Northern Leopard Frog populations declined by 50 % in the U. S. during the 1960s. They blamed the decline on overzealous harvesting and habitat loss.
The abrupt and widespread population declines previously described for Alberta appear to have been parallelled over much of the species range in the upper midwestern states and prairie provinces during the 1970s. The initial declines were noted in centres of high frog densities in the upper midwest states, most notably in Michigan, Minnesota, Wisconsin and South Dakota in the late 1960s and early 1970s (Hine et al. 1975 , Rittschof 1975 The die-off spread rapidly and, within a year or two, declines of Northern Leopard Frogs and other related species of Leopard Frog were noted as far south as Mexico (Koonz 1992) .
Abrupt population declines occurred shortly afterward in Manitoba (Hine et al. 1981 , Koonz 1992 , Wershler 1991a . Traditionally, the Northern Leopard Frog harvest in Manitoba has made up a large portion of the North American market, with as much as 50,000 kg of frogs being shipped annually to biological supply houses in the U.S. (Koonz 1992) . By 1976, however, no exports were made, as Northern Leopard Frogs had virtually disappeared from the province, particularly from areas such as Lake Manitoba, that formerly supported the greatest densities of frogs (Koonz 1992) . Windrows of dead frogs were observed on shorelines along Lake Manitoba and piles nearly a metre high were noted in artesian wells ( frog holes ) used as hibernacula. Small, isolated populations (e.g., on golf courses, stock ponds and islands) survived through to 1983, when some recovery was noted and exports resumed at much reduced levels (Koonz 1992) . Since then, Northern Leopard Frog populations have increased in some areas while remaining extremely low in others (Koonz 1992) . The species has not reoccupied frog holes, and appears to be only slowly occupying what were once major centres of population. Although Northern Leopard Frogs have moved back into much of their traditional range, they have not approached historic population densities. Habitats once supporting the highest frog densities continue to show considerable population fluctuations (Koonz 1992) .
From Manitoba, the die-offs apparently spread westward. As in Alberta, there is little data on the historic distribution and abundance of Northern Leopard Frogs in Saskatchewan. However, available data suggest that population levels reached a low in the early to mid-1970s (Seburn 1992b) . Over the last five years there has been an increased number of reports in the province, which suggests that the species may be increasing locally (A. Didiuk, pers. comm.) .
In many areas, however, population densities are still low relative to historic levels (W. Harris, pers. comm.) . It should also be noted that increased reporting in recent years may also be related to increased interest in the species brought about by the establishment of the Saskatchewan Amphibian Monitoring Project and Saskatchewan Herpetology Atlas Project. Major populations increases have been noted recently in some areas of the province. In the late 1980s, for example, Northern Leopard Frogs were difficult to find in Grasslands National Park (W. Harris, pers. comm.). However, in 1991 the species was found to be common in many areas of the park (W. Roberts, pers. comm.) and in 1995 and 1996, it was observed to be common along both the Frenchman River valley and along Rock Creek (L. Powell, pers. comm.) . Various age classes, including a large number of adults were recorded during the 1995 and 1996 surveys.
Recent population surveys have been conducted over much of the historic range of the Northern Leopard Frog in the Kootenay and Columbia river valleys of southeastern British Columbia (Ohanjanian and Teske 1996, I. Ohanjanian, pers. comm., Orchard 1992) . Frogs, however, have only been found near Creston (I. Ohanjanian, pers. comm., Orchard 1992) . The exact timing of the declines in British Columbia is unknown, but they appear to have occurred over the last 10 to 15 years (Orchard 1992) . The cause of the decline is unknown, but in some areas it may be related to habitat loss (Orchard 1992) .
Population declines have been reported from a variety of other jurisdictions in the western U.S. As was the case in Alberta, most populations have been poorly studied and there is lack of historical data. Most declines have also been noted after the fact, so attributed causes for the declines have been based more on correlative rather than experimental evidence (Corn 1994) . To date, researchers have not linked the declines observed in the western U.S. with the abrupt and widespread population die-offs observed in the upper midwestern states and prairie provinces during the 1970s.
The Northern Leopard Frog was formerly widely distributed across Montana, but is now apparently absent over much of the western half of the state (Reichel and Flath 1995) . The species is still common in the southeastern corner of the state, but its status is uncertain in central and northeastern Montana (Reichel and Flath 1995) . Population declines appear to have occurred over the last 10 to 15 years. Elsewhere in the western U. S., declines have been noted in eastern Washington (Andelman and McAllister 1994 , Koch et al. 1996 , Leonard and McAllister 1996 , eastern Oregon and southern Idaho (Koch et al. 1996) , Colorado and Wyoming (Baxter and Stone 1980 , Corn and Fogleman 1984 , Hammerson 1982 , Weise 1990 , Nevada (Panik and Barrett 1994) , and Arizona and California (Clarkson and Rorabough 1989 , Fernandez and Bagnara 1995 , Hayes and Jennings 1986 , Schwalbe and Rosen 1988 , Sredl and Waters 1995 . Recent major populations declines have not been noted in eastern Canada (Bishop and Petit 1992) , but Gilbert et al. (1994) note that local population declines have occurred in Quebec because of habitat loss.
LIMITING FACTORS
Over the last 30 to 50 years, amphibian populations have declined dramatically and around the globe, a relatively large number of species are in jeopardy (Barinaga 1990 , Blaustein and Wake 1990 , Wyman 1990 . This is true of many species found in Canada (Bishop and Petit 1992 , Cook 1970 , Quinn 1991 , including the Northern Leopard Frog. In this, and other, species, declines can often be explained in relation to natural population fluctuations (Pechmann et al. 1991) , extremes in climatic conditions (Barinaga 1990) or anthropogenic factors such as habitat loss, acidification, contaminant releases and the introduction of non-native species (Baringa 1990) . However, in many other cases the declines cannot be explained and have occurred in relatively pristine environments or in areas where there has been no recent obvious disturbance. Such declines are often characterized by abrupt, massive and widespread population declines of one or more species. At the same time, populations of other amphibian species occupying the same area and similar habitats show no signs of decline.
In the past few years, comprehensive research and monitoring programs have been initiated world-wide to determine the extent and cause(s) of amphibian declines. Among the factors being examined are disease, the reduction in the ozone layer and accompanying increase in ultraviolet radiation, changing weather patterns and climatic extremes, acid rain and chemical contaminants, the introduction of exotic species, and habitat loss or fragmentation. The following sections outline factors which may be applicable to declines in Northern Leopard Frog populations in Alberta. Although the focus of this section is on human-induced factors, a number of naturally-occurring factors are also included because of their possible synergistic impacts with other factors.
1. Climate. -Climatic conditions have a major influence on Northern Leopard Frog populations (Merrell 1977) . In general, during wet years there will be increase in the amount of breeding and overwintering habitat allowing populations to expand and providing opportunities for dispersal and colonization of unoccupied areas of suitable habitat. In drier years, available habitat will diminish causing a reduction in population levels. Some local populations will also become extinct because of a lack of habitat. For example, drought in the 1930s caused a general decline in amphibian populations in southern Alberta (Fowler 1935) . Drought has been suggested as a possible reason for the decline and disappearance of Northern Leopard Frog populations in Washington, Oregon, Idaho, Montana and Colorado (Corn and Fogelman 1984, Koch et al. 1996) .
During the late 1970s and 1980s, drought conditions prevailed over much of southern Alberta. The accompanying loss of wetland habitat probably caused general population declines and the extinction of some local populations in that area during this period (Wershler 1991a) . Drought, however, has been dismissed as the cause of the abrupt and widespread population declines observed in southern Alberta since 1979 (Roberts 1981 , Wershler 1991a ). These authors argue that while reduction in wetland habitat and reduced winter stream flows might explain the disappearance of frogs in some areas, it would not explain the simultaneous disappearance of frogs in spring-rich areas such as along Kilini Creek and the Clearwater River or at deep-water overwintering sites at major lakes and reservoirs. These assertions, however are based on limited data and there is the need for further research to determine the extent to which Northern Leopard Frog populations are affected by climatic conditions in southern Alberta.
2.
Disease. -Mass mortality of amphibians from disease is not uncommon and may be a natural feature of the biology of a species, or it may be induced by environmental stressors (Corn 1994 , Crawshaw 1992 . Amphibians are known to be susceptible to a variety of diseases including many diseases of fish (Crawshaw 1992) . Mortality in Northern Leopard Frogs has often been associated with the condition of red leg (Gibbs et al. 1971 , Hine et al. 1981 , Koonz 1992 , which is not a disease itself but rather a condition of kidney failure (Koonz 1992) . It is often associated with infection by Aeromona hydrophila, a naturally-occurring and widespread bacterium. Ordinarily, this pathogen only affects individuals whose immune systems have been weakened by stress, and not entire populations.
Overwintering mortality in Northern Leopard Frogs has also been attributed to a herpesvirus (Lucke tumour virus) that causes renal carcinomas (Hunter et al. 1989 , McKinnel 1973 . Roberts (1995) suggests that the pattern of decline observed in the upper midwestern states and the prairie provinces was like that expected if a plague started in the east and spread across the continent . However, there is little conclusive evidence that disease was responsible for the abrupt and dramatic population declines observed in Alberta and elsewhere (Hine et al. 1981) . The lack of calling males in the Red Deer area during the spring of 1979 suggests that mortality occurred in the fall or winter (Roberts 1981) . This is similar to the pattern of mortality observed in Wisconsin (Hine et al. 1981) . Incidences of overwintering mortality were noted in the Clearwater River in 1976 (Roberts 1992) . Similar to other locations, mortality in the Clearwater River was associated with the condition of red leg . In this case, however, only individuals were affected and healthy populations persisted in the area for the next two years.
Habitat Loss and Fragmentation. -Habitat loss and fragmentation can impact Leopard
Frog populations at two levels. Locally, populations are dependent on a variety of habitat types to meet the annual requirements of various life history stages (Merrell 1977) . The loss of any one of these habitats or the impairment of movement between habitat types could result in the demise of the entire population.
Relative to many other amphibians, this requirement for a seasonal mosaic of habitat types makes Northern Leopard Frogs particularly vulnerable to habitat loss or alteration. On a regional basis, many amphibian populations exist as metapopulations, represented by a set of linked but geographically discrete local populations occupying suitable habitats (see Blaustein et al. 1994) . Local populations will fluctuate because of environmental factors and natural stochastic mechanisms and local extinctions may occur. But regionally, populations will be maintained through dispersal of individuals between populations and recolonization of vacant habitat. However, habitat loss can result in populations becoming isolated or separated by greater distances. This can limit immigration from neighbouring populations, which can lead to a decrease in the fitness of individuals in the isolated population because of reduced gene flow and increase the likelihood that the isolated population will become extinct because of random population fluctuations (Blaustein et al. 1994 , Corn 1994 ).
Habitat loss is believed to be one of the causes of Northern Leopard Frog declines in Washington, Oregon, Idaho and Montana (Koch et al. 1996) and in Dickson County, Iowa, habitat loss has caused populations to decline by two to three orders of magnitude over the last 70 years (Lannoo et al. 1994) . Over the last half of this century, wetland drainage has been extensive in southern Alberta. For example, it is estimated that 60 % of the wetlands have been lost in the aspen parkland (Alberta Water Resources Commission 1990), and over 90 % of wetland margins in the prairie and parkland have been impacted by agricultural activities (Turner et al. 1987) . The extent to which wetland loss and alteration have impacted Northern Leopard Frog population in the province is unknown, but in some areas population declines have no doubt been substantial. . -In California, Jennings (1988) considered alterations to riparian vegetation by livestock grazing to be an important factor in the decline of ranid frog species. Livestock have been present at a number of sites in southern Alberta where Leopard Frogs have been found (Seburn 1992) , and livestock disturbance is considered a threat to frog populations at Prince s Spring, Empress Creek and Sexton Creek (Seburn 1992a , Wershler 1991b , Yaremko 1994 . Livestock activity has resulted, or could result, in the following disturbances: 1) grazing and trampling have reduced vegetation cover and created drier soil conditions in riparian areas, reducing the quality of summer habitats; 2) cattle trampling along the shores and in the water have caused an increase in water turbidity, which could have negative effects on tadpole and egg development; and 3) cattle movements along the shoreline and wetlands could potentially dislodge or trample egg masses. Livestock defecation in or around overwintering ponds could result in increased nutrient loading in the pond and increase the likelihood of winterkill. Kills. -In Minnesota and Ontario, road kills account for the death of a large number of Northern Leopard Frogs, particularly in the spring and fall when frogs are moving between overwintering and breeding sites (Ashley and Robinson 1996, Merrell 1977) . Until recently, road kills were not thought to be a major concern in Alberta. , Yaremko (1994 reported the death of a small number of frogs along a frequentlytravelled trail in a meadow adjacent to the upper marsh at Sexton Creek. This area was used as summer habitat by the frogs and large numbers of YOY that disperse through the area.
Livestock Activity
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6. Water Management. -Wershler (1991a) noted that a number of water-management practices could negatively impact Northern Leopard Frogs in Alberta. The raising and stabilization of water levels to enhance recreational activities or to improve habitat for other species, such as fish or waterfowl, can lower the habitat potential for frogs by reducing the amount of wetland vegetation. Drawdowns of wetlands for vegetation management can impact tadpoles if the drawdown occurs before transformation. Similarly, flooding of artificial wetlands in the spring could dislodge eggs. Wershler (1991a) also indicated that onstream dams alter physical processes along rivers. This could limit the creation of side channels and oxbows, which are important habitats for frogs. Onstream dams can also reduce winter streamflow levels, which could increase overwintering mortality. Seburn (1993) raised concerns that the destruction of beaver dams could reduce available Leopard Frog habitat in the Cypress Hills.
7.
Harvest. -Throughout its range, the Northern Leopard Frog has been collected for teaching and research needs, bait and even food (Gibbs et al. 1971 , Koonz 1992 , Wershler 1991a ). In Alberta, commercial harvest has long been illegal, so the extent of collecting has probably been limited to the capture of frogs for fish bait and to the collecting and raising of tadpoles and frogs by children. In the past, these were probably relatively benign activities, but with the recent population declines, any loss must be considered unacceptable. The collecting of frogs by children has been noted recently in Medicine Hat and at Writing-on-Stone Provincial Park (Wershler 1991a) .
With the recent designation of the Northern Leopard Frog as an endangered species (see Status Designations , below) it is now illegal to collect frogs for any purposes. With the recent designation, ongoing efforts will have to be made to inform the public, particularly children, that collecting could be detrimental to frog populations.
Introduction of Game Fish and Exotic
Species. -In many parts of western North America, declines of amphibian populations have been linked to the introduction of game and other species of fish (Corn 1994, Corn and . Fish introductions are also thought to pose a threat to Northern Leopard Frogs. The species is believed to select against fish-bearing waterbodies for spawning as many fish species are known to prey on tadpoles. Game fish are also known to prey on overwintering frogs (Emery et al. 1972 ). In the White Mountains of Arizona, population declines have also been linked to the introduction of crayfish (Orconectes virilis, Fernandez and Bagnara 1995) .
The extent to which sport fish introductions have impacted Leopard Frog populations in the province is unknown, but the matter is a cause for concern. Seburn (1992a) noted that an individual had wanted to introduce sport fish into a beaver pond at Sexton Creek. This could potentially have had dire consequences for the important Leopard Frog population occupying the site.
The introduction of Bullfrogs (Rana catesbeiana) has also been implicated in the decline of Northern Leopard Frog populations (Hammerson 1992 , Koch et al. 1996 , Lannoo et al. 1994 , Panik and Barrett 1994 , Schwalbe and Rosen 1988 , Weise 1990 ). Bullfrogs have not been introduced into Alberta. However, Bullfrogs have recently been introduced into western Montana, which coincidentally is where the greatest Leopard Frog declines have been noted (Reichel and Flath 1995) . Whether Bullfrogs have played a role in the decline is unknown. It is also unknown whether the species will expand its range into this province, but the potential impacts on amphibian populations, and on biodiversity in general, is cause for concern. 9. Contaminants and Wetland Acidification. -Because of their use of subcutaneous respiration, use of water for egg laying, reliance on both terrestrial and aquatic environments, and the different positions of larvae and adults in the food chain, amphibians are particularly vulnerable to a variety of contaminants, including pesticides (Bishop 1992 , Harfenist et al. 1989 ). There is, however, no evidence linking Northern Leopard Frog declines in Alberta to use of pesticides or other toxic compounds. Research in Wisconsin also failed to establish a link between pesticide use and population declines, although research has pointed out the need for further study into the possible role of herbicides in the decline (Hine et al. 1981 ).
The distribution of many amphibian species is related to the acidity of wetland habitats, and concerns have been raised that acid rain could lower the pH of wetlands causing population declines in many species (Clark 1992) . Laboratory studies have shown that wetland acidification can lead to increased mortality in embryos and disrupt sodium and chloride balances and increase the rate of heavy metal uptake in larvae (Clark 1992 , Freda and MacDonald 1990 ). Decreased pH levels can also have indirect effects by altering food chain dynamics and habitat characteristics in wetlands (Clark 1992) .
Acid deposition is of greatest concern in the Canadian Shield in eastern Canada. To date, however there has been no data linking population declines relative to increased habitat acidity (Clark 1992 , Corn 1994 . Acid deposition is of less concern in western North America, and episodic acidification has been dismissed as a cause of Northern Leopard Frog declines in montane areas in Colorado .
Summary. -The cause of Northern
Leopard Frog population declines in Alberta is unknown. Initial population declines went largely unnoticed and in many areas were so complete that there was little or no opportunity to examine the reason(s) for the decline. Although little studied, population declines in Alberta do not appear to be part of a regular cycle. Instead, the declines appear to be related to a singular, widespread factor affecting the survival of the species (Cottonwood Consultants 1986 , Koonz 1992 , Powell and Russell 1996 , Roberts 1981 , Vial and Saylor 1993 .
The abrupt population declines observed in Alberta appear to follow a similar pattern of abrupt and massive population die-offs witnessed over much of the species range in the upper midwestern states and prairie provinces during the 1970s.
Despite investigations into the cause(s) of these declines, the underlying causes remain a mystery. Hine et al. (1975 Hine et al. ( , 1981 conducted a three-year study to determine the cause of the massive population die-off observed in Wisconsin in the early 1970s. The study revealed that there had been a dramatic reduction in Northern Leopard Frog populations across the state and that only a small percentage of suitable ponds showed evidence of breeding activity.
Despite diminished population densities, breeding phenology, sex and age ratios, size and condition of adults and young, egg production, metamorphosis and movements appeared to be normal relative to other published studies. There was also no evidence of mortality at the breeding ponds. Widespread mortality was, however, noted with the onset of colder weather in the fall. Low-levels of mortality were noted soon after frogs began to gather at overwintering sites, and increased to a peak just before freeze-up when the frogs were entering the water for hibernation. There were also some indications that mortality continued through the winter. Winterkill, resulting from oxygen depletion in the water column, was dismissed as a cause of the mortality because high incidences of mortality were observed at deep (non-winterkill) lakes, along trout streams and at spring fed ponds. Extensive pathological studies were conducted on sick and dying frogs. Laboratory observations revealed a variety of internal and external abnormalities including ventral skin discoloration ( red leg ), hard muscles, eroded appendages, subcutaneous haemorrhages, eye haemorrhages, body emaciation and various liver abnormalities. Histological examination of liver sections revealed necrotic tissue similar to that produced by toxic accumulation. Many adult female frogs also had normally-developed, but unpigmented eggs, suggesting a diversion from normal oogenesis patterns or pathological oogenesis. Incidents of egg resorbtion were also noted, as were incidents of unusual behaviour. Specifically, frogs were observed crawling out of the water onto ice, and dead frogs were found on the ice of partially frozen lakes in November and December. These observations lead Hine et al. (1981) to suggest that frogs were possibly unable to enter and remain in the water at hibernation time, which in turn may be related to abnormal water metabolism beneath the skin and the change from lung to skin respiration .
The study failed to identify a specific cause for the mortality observed in Wisconsin Based on the technology available at the time, viral and bacterial infection were ruled out as major causes of mortality. Hine et al. (1981) noted that there was a need for additional studies to determine if pesticides, particularly the herbicide Atrazine, played a role in the declines.
Population monitoring and laboratory studies also failed to determine the cause of similar die-offs in Manitoba (Koonz 1992) . As in Wisconsin, mortality was generally associated with conditions of red leg .
STATUS DESIGNATIONS
1. Alberta. -In 1984, the Northern Leopard Frog was listed as a declining species in Alberta, and the goals of monitoring population status and ensuring viable populations were established (Alberta Fish and Wildlife 1984) . In the following year, the species was categorized as status undetermined in A Draft Policy for the Management of Threatened Wildlife in Alberta (Alberta Fish and Wildlife 1985) . Cottonwood Consultants (1986) recommended that the species be regarded as threatened in Alberta. Roberts (1987 Roberts ( , 1991 suggested that Northern Leopard Frog was endangered, requiring management to prevent further declines and to aid in recovery. Because of concerns over widespread population declines in southern Alberta, the official status was upgraded in 1991 and the Northern Leopard Frog was designated as a Red List species (Alberta Fish and Wildlife 1991a) . This status was reaffirmed in 1996 (Alberta Wildlife Management Division 1996) .
In 1991, a provincial status report was prepared (Wershler 1991a) . It recommended that the Northern Leopard Frog be designated as a threatened species and that its legal status under the Alberta Wildlife Act be changed from an unlicensed [non-liscence] species , which allowed for the collection or harvesting of the species but prohibited exportation, buying or selling, to a licensed [nongame] species to afford the species protection from collecting. A draft provincial management plan was prepared in 1992 (Seburn 1992c) . The management plan established the goal of maintaining or restoring a minimum of 30 viable subpopulations in six drainage systems across the historic range in Alberta . It also recommended that the Northern Leopard Frog be designated as an endangered species under the Alberta Wildlife Act. In January 1997, the species was designated as an endangered species under the Alberta Wildlife Act. (Preston 1987) . The Northern Leopard Frog was identified as a species of concern in the Prairie Conservation Action Plan (World Wildlife Fund Canada 1988).
The Northern Leopard Frog has currently not been assigned a designation by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC). A draft status report has recently been prepared for populations in western Canada (Seburn and Seburn 1996) , and a status designation will be assigned in the near future (C. Seburn, pers. comm.) .
The Northern Leopard Frog has been placed on a candidate list of species of special concern by the State of Colorado (Livo 1986 ).
RECENT MANAGEMENT IN ALBERTA
1. Planning. -The planning of management activities for Northern Leopard Frogs has been guided by the preparation of a provincial status report and draft management plan. The status report (Wershler 1991a) presented information on the general ecology of the species, and current and historic distribution and abundance data, and outlined potential threats to Leopard Frogs in the province. The draft provincial management plan (Seburn 1992b ) outlined objectives for population and habitat management and for informing and educating the public about the plight and conservation of the Leopard Frog in Alberta. The report also discussed the possible need to re-establish populations by transplanting individuals from existing populations to areas containing suitable habitat.
The species was also considered as part of planning exercises conducted by the North American Waterfowl Management Plan (NAWMP) in Alberta. It was ranked as a priority vertebrate species in relation to NAWMP program delivery in the prairie and aspen parkland biomes (Patriquin 1993) .
Population
Monitoring. -The Alberta Fish and Wildlife Division launched a poster campaign in 1989, which asked the general public to report all sightings of Northern Leopard Frogs. Over 150 reports were received in response to the campaign (Seburn 1991 , D. Seburn 1994 , Wershler 1991a ). Many of these reports turned out to be other species, or were thought to be unreliable observations (Wershler 1991a) . Nevertheless, many of the reports led to the discovery of new population centres, proving the value of the program.
During 1991 and 1992, field surveys were conducted to update and expand the information base on Leopard Frog habitats, populations and distribution in southern Alberta. Sightings reported during the poster campaign were also checked during the field program. In 1994, the Alberta Amphibian Monitoring Program was initiated (Alberta Fish and Wildlife 1994, Powell and Russell 1996, Yaremko 1996 
Habitat Securement, Protection and
Enhancement. -In 1991, a management plan was developed for the Prince s Spring area, which contains a major breeding population of Northern Leopard Frogs (Wershler 1991b) . The plan outlined the need for fencing around spring-fed streams to protect fragile riparian habitats from cattle damage. The springs themselves were fenced sometime before 1980 (Hofman 1992) . Revisions to the fencing plan were made in 1992 (Wershler 1992b ) and fences were established around the streams in 1992 (Hofman 1992) .
The significant Leopard Frog habitat at Sexton
Creek in the Cypress Hills is located within the proposed Eagle s Nest Ranch Natural Area (Biota Consultants 1992). Management considerations for the proposed natural area include restricting livestock activity around wetlands to protect Northern Leopard Frog habitat (Biota Consultants 1992).
In the fall of 1994, a population of Northern Leopard Frogs was discovered along a small creek (Drain K) extending from Lonesome Lake to the Bow River about 8 km south of Bow City (D. Watson, pers. comm.). Portions of the creek are dominated by small spring-fed wetlands, which may provide important breeding or overwintering habitat. Level portions of the creek are also dominated by large cattail marsh complexes. Most of the creek flows across the Circle E project, which is being developed for waterfowl production under the NAWMP. Project development began in 1995 and management plans for the project recognised the importance of the creek as Leopard Frog habitat. In 1996, cross fencing was erected across pastures bordering portions of the creek to prevent disturbance of the wetlands by cattle during the breeding season (A. Balaski, pers. comm.).
Research.
-In addition to the previouslydiscussed survey and monitoring programs, three research projects with applications for Leopard Frog management have been conducted in recent years. Seburn (1993) examined the feasibility of using pond enclosures to assess growth rates of transplant and control populations of tadpoles. The methodology was found, however to be inadequate because of high predation rates and low growth rates within the enclosures. In 1993, habitat use and YOY dispersal studies were conducted at Sexton Creek (Seburn 1994, Seburn et al., in press ). The results of these studies were discussed previously. YOY dispersal and overwintering survivorship were also studied at Sexton Creek in 1994 (Yaremko 1994) .
Repatriation of Northern Leopard Frog
Populations.
-The recovery and re-establishment of Northern Leopard Frog populations over much of their former range in southern Alberta will be dependent on the dispersal of individuals from existing populations. However, we know very little about dispersal in Northern Leopard Frogs and it is therefore difficult to predict the extent to which dispersal may lead to recolonization of unoccupied areas of suitable habitat. It may well be that the relative isolation of some populations may limit opportunities for population expansion because of the inability of individuals to disperse to other areas (Roberts 1994) . Furthermore, some areas of suitable habitat may now be unavailable for recolonization because of habitat alterations that have eliminated dispersal corridors. This may be particularly true of large areas in the parkland, which are separated from the remaining breeding populations in the south by large expanses of dry upland habitat (Roberts 1994) . Re-establishment of Northern Leopard Frogs in many parts of their former range may therefore be dependent on transplanting individuals from major breeding populations in southern Alberta (Cottonwood Consultants 1986; Roberts 1987 , Seburn 1992c , Wershler 1991a . Major review papers about the pros and cons of using transplants to re-establish amphibian populations are presented in Burke (1991) , Dodd and Seigel (1991) and Reinert (1991) .
Under a pilot reintroduction program, Northern Leopard Frogs were released at two sites in central Alberta (Roberts 1991 (Roberts , 1992 . At both sites, frogs survived and reproduced for several years following release (W. Roberts, pers. comm.) . However, at one of the sites a winterkill event eliminated the population. At the other site, in the upper North Saskatchewan River basin, the population continues to flourish and is monitored annually (W. Roberts, pers. comm.) . The success of this initial release indicates that Northern Leopard Frogs can perhaps be re-established using frogs from population centres in the southern part of the province. (Cottonwood Consultants 1986 , Quinn 1991 , Roberts 1991 , Seburn 1992 , Wershler 1991a ) have outlined the need to inform and educate the public about the plight of the Northern Leopard Frog. Public information programs are felt important for building awareness about the plight of the species, for soliciting sighting and other information from the public, for requesting assistance in protecting and maintaining habitat, and for reducing activities such as collecting which may be detrimental to frog populations.
Public Information and Education. -Several authors
In Alberta, the dissemination of public information has included the poster campaign initiated in 1989, the publication of a Leopard Frog brochure in 1991 (Alberta Fish and Wildlife 1991b) and the establishment of the Alberta Amphibian Monitoring Program in 1984 (Alberta Fish and Wildlife 1994 , Powell and Russell 1996 , D. Seburn 1994 , Yaremko 1994 ). In addition, an elementary school teachers guide about the Northern Leopard Frog was prepared in 1995.
SYNTHESIS
Prior to 1980, the Northern Leopard Frog was widely distributed and locally abundant over much of Alberta south of Edmonton. However, populations are now greatly reduced in number, and the range is limited mainly to the lower reaches of the South Saskatchewan and Milk River drainage basins.
In Alberta, the cause(s) of the abrupt and widespread population declines that occurred in the late 1970s and early 1980s remains a mystery. Our lack of understanding about causes of the declines is reason for concern. Even if populations were to recover, either naturally or through conservation initiatives, the species would have to be considered at risk until such time as the cause(s) of the decline is determined and addressed. Hine et al. (1981) aptly sum up the situation as follows: The drama of the leopard frog decline that has been unfolding over the past decade may provide a vital insight into ecosystem health -it must not go on unnoticed or unattended.
Recent general population increases in Saskatchewan (W. Harris, pers. comm., Seburn 1992b) and Manitoba (Koonz 1992) provide some promise that Northern Leopard Frog populations will recover in Alberta. Natural recovery and re-establishment of populations in formerly occupied area will be dependent on dispersal of individuals from the remaining breeding populations. We know very little, however about dispersal in Northern Leopard Frogs and it is therefore difficult to predict the extent to which dispersal may lead to recolonization of suitable habitat areas. Re-establishment in some areas, particularly the central parkland, may therefore be dependent on transplanting individuals from the major breeding populations in southern Alberta (Cottonwood Consultants 1986 , Roberts 1987 , Seburn 1992c , Wershler 1991a ). Until such time as broad-scale transplantation is feasible, continued surveys and monitoring of provincial populations will be necessary to ensure that current population distribution and trends in the province are well understood.
